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ABSTRACT
Brazil has been planning to universalize water-related services for a long time. Due to budget  
constraints, only 40% of overall domestic sewage receive proper treatment before final discharge. Even 
though, direct sewage discharges represent major threats to Water Resource Managers, it creates chal-
lenge to Waste Managers. This study analyzed waste strategies for managing excessive lake sludge. In 
the selected water resource, raw sewage was discharged directly for a lengthy period. Massive portion of 
biosolids have accumulated on the bottom of the lake, resulting in considerable sludge layer. A prelimi-
nary sludge dredging attempt resulted in algae bloom, steady pollution, eutrophication, and fish death. 
However, the main expected hazard is the amount of solid waste generated during the sludge removal 
process. The preferred waste strategy by local officials was disposing the sludge in an open dumping 
area. Other potential sludge management strategies were: composting; geotextile bags; brick industry 
(recycling); incinerating; open-dump and landfilling. The results of sludge characteristics indicated no 
hazardous compounds and a sizable percentage of inorganic matter (85%). Open dump disposal was 
assumed to be illegal. The landfill solution did not enable any energy or material recovery and should 
be considered only as the least preferred solution. The geotextile and incineration alternatives indicated 
to be costly. Composting was considered ineffective due to high inorganic ratio and logistic costs. The 
low logistics costs and the sludge characteristics makes brick manufacturing comparatively efficient. 
Therefore, this study proposed as the optimal waste strategy, recycling the sludge as raw material in the 
local brick manufacturing facility. However, due to severe public budget constraints, the implementa-
tion of any sludge management strategy (dredging and disposal) is still contingent on availability of 
financial resources.
Keywords: Brick, Sludge, Waste Management, Water Resource.

1 INTRODUCTION
The World Health Organization (WHO) highlights the close relationship between human 
health and water quality. The lack of adequate drinking water supply and sewage infra-
structures affects the health of the population and the entire ecosystem. A sizable percentage 
of diseases affecting developing countries could be directly related to poor sanitation 
 systems. A proper sanitary system has a strong impact on reducing water-related diseases 
and infant mortality. A poor sanitation infrastructure should be a major concern for public 
officials [1].

Brazil is a continental-size country with 8.5 million square kilometers divided in 5.570 
municipalities accommodating 208 million people. Currently, only 40% of domestic sewage 
are properly treated before final discharge in the water bodies. A large part (18%) of the  
Brazilian population does not have access to treated water. Over half of the population does 
not have access to sewage collection; from the total collected sewage, 1/3 is not treated [2].

Brazil has 12% of the world’s available water resources (around 177,900 m3/s), which cor-
responds to 53% of all water resources in South America [3]. The perception of water supply 
abundance have built up population and public officials culture for extravagance, postponing 
necessary investments for an efficient use and protection of water resources [3]. Therefore, 
Brazilian water management policy derives from a combination of bad priority, uncontrolled 
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population growth, unplanned urban scenario, industrialization, and agricultural expansion, 
which turned water systems into vulnerable bionetworks [3, 4].

In 2007, the National Sanitation Directive (Law 11,445/07) established a regulatory frame-
work for water and sanitation [5]. This rule was innovative by introducing the basis for public 
policies and regulations, trying to encourage private investments in infrastructure.

The Resolution 357/2005 enacted by the Brazilian National Environmental Council  
(CONAMA) established guidelines for classifying water bodies according to their uses, aim-
ing to establish mandatory water quality standards, including 13 water tiers. Each tier was 
defined according to the water quality required for complying with each designated use [6].

This rule also defines physical and biochemical water quality standards (WQS) for a list of 
contaminants and substances, e.g. Biochemical Oxygen Demand (BOD), Dissolved Oxygen 
(DO), floating materials, oils and greases and solid objectionable waste. BOD is a parameter 
for measuring the potential pollution of certain biodegradable substances in relation to dis-
solved oxygen consumption. DO values are essential to assess the natural conditions of water 
and to assess environmental impacts (e.g. eutrophication and pollution) caused by organic 
matter discharge [6, 7].

CONAMA enacted Resolution 430/11, which altered Resolution 357/05 in respect of sew-
age discharges in water bodies. This rule established stricter conditions, standards and 
guidelines for managing effluent (domestic and industrial) discharges on water bodies. 
According to the new rule, the effluent from any source may only be discharged directly or 
indirectly into a water body after being properly treated [8].

Other relevant legislations are: Drinking Water Rule (Administrative Rule 2.914/2011) 
enacted by the Ministry of Health, stating standards for drinking water [9]; and CONAMA 
Resolution 274/2000, which states standards for any water resources (river, lake, lagoon, 
ocean, and sea) that have the possibility to be in touch with human beings or animals [10].

Brazil has neglected water-related services for a long time. In most municipalities, raw 
sewage is directly released into water bodies. The Brazilian Water Agency (ANA) [11] 
concluded that the discharge of raw sewage in water resources is the main cause of our 
environmental degradation. Despite of the existence of strict water legislation, poor 
enforcement resulted in low regulatory compliance.

On average, 83% of total pollution are covered by public drinking water systems (93% in 
urban Areas). Large portion of domestic sewages still does not receive proper treatment 
before final discharge. 50% of domestic sewage are collected (58% in urban areas), and from 
this amount 74% are treated. This numbers indicated that only 42% of the overall domestic 
sewage are collected and treated before final release, which poses a major challenge to those 
responsible for water policies [12].

When raw sewage is directly released to small water resources, they lean towards satura-
tion very quickly, due to bacterial and algal reproduction during the decomposition process 
of organic matter. Depending on the amount of raw sewage released, the size of the water 
body, and the environmental vulnerability, some water resources has been continuously oper-
ating biologically as a stabilization pond [13]. This biological degradation process of organic 
matter is relatively slow; an excessive amount of nutrients can produce a large amount of 
sludge containing microorganisms, see Fig. 1.

In polluted water systems, biological processes naturally reduce organic matter and nutri-
ents. A stabilization pond is a natural biological treatment of polluted waters, where living 
organisms (bacteria and algae) use organic matter as nutrients. Over the time, a great part of 
the organic matter is consumed by these living organisms, biodegrading, and mineralizing. 
Some of these materials deposit at the bottom of the water body resulting in a layer of sludge. 
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Over the years, the amount of sludge accumulated can be an environmental risk and become 
a waste management hurdle, especially for small municipalities.

There is not much data on organic matter percentage in sludge removed from artificial 
lakes. To establish a viable parameter, this study utilized the existing technical data for moni-
toring the sludge from wastewater plants and stabilization ponds.

The objective of this study was to analyze waste management alternatives for dealing with 
the removal of the sludge accumulated in a polluted lake located in a small municipality. The 
waste management strategies considered in this analysis were: composting; disposal in 
geobags; disposing in open dumps; incineration; use in brick production; and landfilling. In 
a comparative analysis, this study tried to internalize all social, economic and environmental 
costs of treating and disposing of the sludge associated with each alternative.

The sludge usage in agriculture is regulated by the Resolution 375/06 [14], which recom-
mends a maximum of 70% of volatile solids. This recommendation is related to the need for 
sludge stabilization, which increases as the proportion of TVS decreases.

As a case study, this study selected an artificial lake in a small Brazilian municipality 
(30,000 people), which has been polluted by a large amount of raw domestic sewage, gener-
ating a huge layer of sludge deposited on the bottom.

2 SELECTED WATER RESOURCE
A mild climate and pleasant landscape municipality is a popular traveler destination. Over the 
last decades, large amount of raw domestic sewage has been discharged directly into an arti-
ficial lake of this municipality (30,000 people) at the inland mountain region of the Rio de 
Janeiro State, which has an urbanization rate of 84% and only 25% of residences with drink-
ing water supplied by public systems; while 74% obtain their water directly from wells or 
springs. The municipal sewer collection system only serves 13.5% of the homes, while 65.3% 
have proper septic tanks, 10.7% use rudimentary septic pits, 7.5% are connected to uncov-
ered ditches and 2.5% discharge their sewage directly into a water body. Historically, no 
collected sewage received treatment before discharge into water bodies [2, 15].

This polluted water resource is the main natural attraction of this pleasant touristic region. 
It has a shoreline of slightly over 2 km, a water surface area of 80,000 m2, and a watershed 
that covers 3.8 km2. Besides its relevance for recreational activities, it is important for its 
scenic beauty, drainage and ecological role on the region. The lake’s bathymetry assessment 
indicated that water depth varied from 3 to 4 meters in the middle region of the lake; and from 
0 to 1 meters in regions closer to the lakeshore.

Figure 1: Biological process scheme
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Previous studies [13, 16] demonstrated that this lake has been progressively polluted, 
mainly by organic matter from domestic sewage discharge. In these studies, several physical-
chemical and microbiological analyses were performed corroborating that the lake was 
polluted mainly by organic matter, indicated by Biological Oxygen Demand (BOD) and fecal 
coliforms over legal standards. The laboratory results indicated that the water quality in this 
lake were typical to those values find in stabilization ponds.

The living organisms (e.g. bacteria and algae) present in the natural biological process 
(Fig. 1) consume most of the organic matter and nutrients. However, part of the materials has 
deposited on the bottom of the lake generating a large layer of sludge. Over the years, large 
sludge accumulation in a small water body became an environmental risk.

As a preliminary estimate, this study measured the amount of sludge and the water layers 
from 30 selected sampling spots along the lake. This sampling spots were selected to cover 
the whole area of the lake. Each sampling result was repeated at least three times for mini-
mizing measuring errors. These measures were taken from a small floating boat with simple 
measurements instruments, such as: calibrated stick and rope with weight. These results are 
indicated on Table 1.

Table 1 showed sludge layer varying from 1 to 2 meters and water layer from 1.5 to 
4 meters. As expected, the higher layer of sludge was found in the middle of the lake, reach-
ing a maximum of 1.9 meter. These results indicated an average layer of sludge around 
1.5 meters sitting on the bottom of this artificial lake. The estimate is that the lake has a total 
sludge volume of 120,000 m3 (area of 80,000 m2 times an average sludge layer of 1.5 meters).

Recently, local officials have implemented a clean-up project to reduce pollution in the 
lake, including a wastewater treatment plant and a sewage collection system. However, it will 
take a long time before the water quality in the lake reaches legal standards naturally. To clean 
up the lake, it is mandatory to remove a great part of the deposited sludge. A conservative 
estimate is that the deposited sludge has reduced the volume of water in the lake by at least 
50%, making the natural biological cleaning process even slower, see Fig. 1.

Table 1. Results of sludge and water layers from 30 sampling spots (in meters)

Spot 1. 2. 3. 4. 5. 6. 7. 8. 9. 10.

Sludge 1.8 1.5 1.4 1.1 1.2 1.1 1 1.9 1.9 1.7

Water 1.5 1.2 2.8 3.2 3.7 3.7 3.6 2.3 1.9 1.5
Total 3.3 2.7 4.2 4.3 4.9 4.8 4.6 4.2 3.8 3.2

Spot 11. 12. 13. 14. 15. 16. 17. 18. 19. 20.

Sludge 1.3 0.9 1.5 1.6 0.7 1.4 1.4 0.7 1.5 1.3

Water 2.5 2.5 2.8 3.0 3.0 3.0 3.0 2.8 2.8 3.3
Total 3.8 3.4 4.3 4.6 3.7 4.4 4.4 3.5 4.3 4.6

Spot 21. 22. 23. 24. 25. 26. 27. 28. 29. 30.

Sludge 1.4 0.2 1.2 1.5 1.0 0.8 1.9 0.9 1.1 0

Water 2.3 2.3 2.7 3.0 2.0 3.0 2.3 2.3 2.4 1.5
Total 3.7 2.5 3.9 4.5 3.0 3.8 4.2 3.2 3.5 1.5
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Therefore, any clean-up project must include a sludge removal phase. A preliminary sludge 
dredging was attempted, which resulted in bad publicity and population panic, due to algae 
bloom, steady pollution, eutrophication, and fish death. This failed attempt raised a red flag 
on sludge removal, demanding further studies for the optimal strategy [13].

On the other hand, the small amount of sludge removed during just the preliminary dredg-
ing attempt was an advice of the environmental risks associated with the cleanup process. 
The best sludge management strategy represents a public challenge for this small municipal-
ity. The waste management alternatives for disposing and treating a huge amount of sludge to 
be removed depends heavily on its characteristics and budget availability.

3 SLUDGE CHARACTERISTICS
This study assessed sludge characteristics (amount, metal contamination, and organic matter 
percentage). Preliminary, this study analyzed the concentration of volatile suspended solids 
(organic matter) and metals (lead, cadmium, and zinc) in ten sampling spots, see Table 2.

The ten sampling spots were selected within 10 to 15m distance range of the lake shore, 
except for point 7, which was in the middle of a bridge crossing the lake. The spot selection 
tried to reduce the likelihood of contaminant dilution, reproducing possible worst-case sce-
narios. The sampling procedures were also restricted by budget constraints and operational 
limitations. Even though, the sewage collection system was already in place, during the sam-
pling procedures, it could be noticed the presence of untreated sewage still been discharged 
directly into the lake.

In technical literature [17] digested secondary sludge have TVS percentage between 60% 
and 80%, while digested primary sludge would have TVS percentage between 30% and 60%.

The results in Table 2 were lower than typical values of TVS percentage obtained from 
sludge of wastewater plants in Brazil. A similar study of sludge generated from two wastewa-
ter plants in Brazil [18] indicated an average value of total volatile solids of 35%.

In order, to corroborate these results, this study also analyzed three sludge samples from a 
sewage treatment plant. The results of these analysis indicated an average TVS percentage of 
36%, which is similar to the results indicated in the literature.

A tentative explanation for the low TVS results indicated on Table 2, compared to com-
monly expected from wastewater plants, could rely on the age of the sludge and the biological 
decomposition process (mineralization). This artificial lake was originally built, over 150 
years ago, as a water dam for agriculture. There is no information on any sludge removal or 
cleaning process in this lake during the last century. Even though, the raw sewage discharge 
into the lake has been occurring continuously over decades, the average sludge age remains 
very high. Probably, the biological process of mineralization had occurred. In this sludge, the 
organic nutrients (organic matter) were majorly decomposed of into inorganic substances, 
explaining the low TVS values presented in Table 2.

This study also performed analysis searching for hazardous metals (lead, zinc and cad-
mium) on four sludge samples. This study selected the four samples, which indicated the 

Table 2: Total Volatile Solids (organic matter) and Total Fixed Solids (TFS).

Spots 1 2 3 4 5 6 7 8 9 10 Mean

TVS (%) 13.2 13.6 15.8 16.4 17.1 15.5 14.9 13.7 12.7 7.9 14.1

TFS (%) 86.8 86.4 84.1 83.6 82,9 84.5 85.1 86.3 87.3 92.1 85.9
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higher contamination of organic matter in previous analyses. According to the Resolution 
375/06, the analyses of lead, cadmium, and zinc should be conducted according to the USEPA 
SW-846 Method 3050 Acid Digestion of Sediments, Sludges, and Soils [19]. The results and 
the allowed concentration of metals in sewage sludge are indicated in Table 3.

There is no potential source for metal contamination on surrounding areas and no industry 
within a 20 kilometers distance. It was expected that the concentrations of metals in the 
sludge would be very low, due to the absence of industrial effluents. This assumption was 
corroborated by the lead, cadmium, and zinc results according to legal standards; indicating 
that metal contamination should not be a limitation for using lake’s sludge for agricultural, 
industrial or any other use.

In other areas, if there are industries near-by, metal contamination should be deter-
mined. Some concentrations of metals, e.g. mercury and nickel could be very dangerous. 
Mercury contamination is not allowed due to the potential occupational risk associated to 
its release. The presence of mercury in the sludge jeopardizes any further industrial or 
agricultural use.

This study collected, at diverse moments, several sludge samples from different spots in 
the lake. In these samples, the results indicated that the sludge had an average of 75% humid-
ity and over 85% of inorganic matter (less than 15% of organic matter). There was an average 
of 271g of total solids per liter of sludge, representing 229g of inorganic matter and 42g of 
organic matter.

These results indicated an aged sludge and a total expected volume of dried sludge to be 
disposed is 30,000 m3 (25% of 120,000 m3). The long decomposition process (mineraliza-
tion) associated with inorganic matter carried by rainwater have influenced the sludge 
characteristics as mostly inorganic. As noticed, this amount of inorganic matter is not typical 
when compared to values found in primary and secondary sludge from stabilization ponds 
and from sewage treatment facilities.

4 SLUDGE MANAGEMENT ALTERNATIVES
There are two main expected environmental impacts in managing excessive sludge from a 
water resource: dredging and disposing. Sludge dredging is a necessary clean-up phase, 
which should impact the natural ecology. However, the larger expected environmental impact 
is the waste generated from sludge removal, which requires proper disposal.

Table 3: Sludge results of lead, cadmium, and zinc.

Spots Metals*

Pb (mg/kg) RSD (%) Zn (mg/kg) RSD(%) Cd (mg/kg) RSD(%)

1 55.79 5 91.22 3 7.82 5

3 69.07 7 117.77 9 39.64 2
5 65.57 0.2 83.77 5 8.23 7
10 52.10 5 67.93 2 7.45 7
Legal 
Standard

300 2,800 39

*RSD (Relative Standard Deviation) values should be lower than 10%.
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This study analyzed some sludge management alternatives for disposing this excessive 
removed sludge from the lake: composting; dewatering in geotextile bags; incineration; recy-
cling in brick manufacturing and landfilling.

The primary alternative considered by local officials is the least expensive option, which is 
disposing the sludge in an open waste dump, which was closed recently. Unfortunately, dis-
posing urban waste in open dumps remains a frequent practice in Brazil. Every day, public 
authorities allocate more than 40% of overall municipal waste collected (80,000 tons) in open 
dumps [20]. This “preferred” option is illegal and did not internalize all costs involved. Thus, 
this study did not consider this illegal option as a viable  alternative, because its high environ-
mental impacts would make initial “savings”  ephemeral at best.

Worldwide, landfilling is considered the most cost-effective alternative and is assumed to 
be the oldest waste management strategy. This competitive advantage makes landfilling the 
desired alternative for waste managers, especially in large countries like Brazil. Waste 
 strategies require high infrastructure investments and large operational costs. Landfill is basi-
cally a disposal place for burying and covering waste, which makes it less costly.

Lately, the selected municipality allocated public funds to build up a small sanitary landfill, 
located near the old dump place. In 2012, this landfill initiated operation, disposing local 
domestic solid waste. This landfill was designed with the life expectancy of twenty years. 
Usually, small landfills have lower economy of scale, which increases operational costs dras-
tically. Over the years, this local landfill displayed many operational difficulties and had 
never functioned according to legal standards. Environmental inspections led to few tempo-
rary shut downs as consequence of improper operation and lack of leachate treatment. Due to 
poor management, this landfill reached full capacity in just four years (2016) and was perma-
nently closed. Currently, the local urban waste should travel 70 kilometers for final disposal 
in a large private landfill.

As a waste management strategy, landfill does not recover or reuse material or energy. In 
many countries there is an ongoing shift away from landfills towards processes involving 
recycling for using waste to generate energy and as raw material in manufacturing processes. 
Among many disadvantages, landfills require large areas, which are difficult to convert for 
future uses; require leachate management to protect nearby water bodies; and need to control 
gas emission. Landfill should be the final disposal intended for waste that cannot be recycled 
or reused [21]. Thus, this study assumed that sludge landfilling should be considered only as 
the less feasible alternative.

Composting is a biological aerobic process of decomposing organic waste. After a period, 
the aerobic microorganisms break down organic matter into compost at presence of water, 
oxygen, carbon, and nitrogen. Aerobic microorganisms consume oxygen, producing heat, 
carbon dioxide and ammonium. The resulting compost can be used by plants in the agricul-
ture. Anaerobic digestion is an alternative form of organic decomposition, which involve 
different microorganisms and processes.

In Brazil, composted sludge for agriculture should meet legal requirements [16].  Legislation 
provides limits for the quantity of heavy metals and pathogens. These parameters are applied 
to each potential future use. Usually, sludge cannot be not used in agriculture due to potential 
contamination or no rural production within an economical distance [22].

During the decomposition process, elevated temperatures should be avoided to maintain 
thermophilic organisms. The hot temperatures, which may occur in initial phases of the 
 process, help to eliminate pathogenic organisms in the sludge [14]. To improve composting 
efficiency, the sludge should be mixed with materials that are structurally rich in carbon to 
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obtain efficient composting. Sludge composting reduces waste volume and produce a final 
product with low potential hazard. However, this study’s sludge characteristics indicated low 
percentage of organic matter making composting an ineffective alternative.

Incineration is a thermal decomposition process via oxidation that reduces the volume and 
weight of the waste, making it less toxic. It is assumed to be a process associated to high 
operational costs and that can cause atmospheric pollution in processes releasing dioxins and 
furans. However, advanced incineration technologies incorporate sophisticated filter systems 
and energy use, placing waste incineration as environmentally attractive alternative worldwide 
[23, 24].

In typical management hierarchy, waste incineration is preferred to landfill. In energy effi-
ciency, incineration is a dominant solution compared to landfill. Even considering that some 
waste landfilling is inevitable, an efficient management strategy should be to divert certain 
types of waste from landfills. At least, alternative waste technologies must be used to reduce 
the demand for waste disposal, which will increase the useful life of the current landfills, 
postponing the need for new facilities [25, 26].

Unlike most developed countries, where landfills are almost banned, and incineration is 
considered; Brazilian law virtually banned waste incineration and encouraged landfill. Recy-
cling is still a myth, imposing efficient segregation and vigorous recycling market, which are 
both inexistent in Brazil. Brazilian public officials assume the feasibility of landfills, the 
desire of recycling and impracticality of incineration.

In Brazil, because of environmental and financial constraints, there are just a few opera-
tional incinerators for hazardous waste. The ashes generated from incineration can be used as 
raw material in manufacturing processes. Ashes with high concentrations of heavy metals 
should be buried in especial cells in sanitary or industrial landfills. Incineration is the main 
technology for waste contaminated with hazardous substances. The elevated operational 
costs associated to sludge’s results indicating no hazardous contaminants, makes incineration 
an inefficient waste strategy for the present study [27].

Geotextile dewatering tubes (Geotubes) can be used for removing water from sludge 
(dewatering). Geotubes are built with synthetic permeable resistant membrane, which can 
cope with large amount of sludge leading to great volume reduction. Geotubes can have 
large-diameters that can withstand high pressures in the filling stage and whose surface 
porosity permits drainage of the water contained in the sludge. After sludge dewatering, dried 
sludge can be directly disposed or used [28, 29].

Geotubes operate in three phases: confinement, when the wet sludge is pumped to the 
tube; dewatering, when the sludge releases the water, which passes through the mem-
brane; and consolidation, when after the tube is filled with dried sludge (dewatered). 
Geotubes are widely used to dewater and concentrate sludge. Even tough, Geotube can 
reduce the sludge volume, it does not solve the main waste management problem: there 
would be a huge amount of dried sludge that still needs to be disposed. Thus, the final 
disposal or use of the resulting dried sludge can represent a hassle for a small municipality 
[28, 29].

The huge amount of sludge generated every year in wastewater, water treatment, and lake 
processes creates a major challenge for waste managers. Generally, these types of material 
are landfilled. Bricks are an extensively used construction material. Typical firing bricks are 
produced with clay at elevated temperature, requiring bulky quantity of raw materials and 
high energy usage leading to large carbon footprint. Environmental restrictions resulted in 
clay shortage for brick manufacturing in many places.
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As an alternative, several authors have studied the viability of producing bricks by incor-
porating waste as partial replacement for original raw materials [30–34]. These studies 
analyzed the effects on brick quality after mixing distinct types of waste with clay as raw 
material. They analyzed technical, economic, and environmental factors for enabling market-
able manufacture of bricks produced with waste. Similar studies [35–40] have analyzed the 
use of wastewater, water treatment, and lake sludge as brick raw materials.

The results of these studies indicated that sludge mix ratio and firing temperature were 
crucial to determine bricks final quality. The percentage of organic matter also influence final 
brick physical characteristics, e.g. compressive strength, weight, porosity, and water adsorp-
tion. Generally, up to 30% of sludge can be mixed with clay, adjusting moisture level to 20% 
and monitoring the reduction in compressive strength.

Tay [41] investigated the use of dried sludge in brick manufacturing. The results indicated 
that 40% is the maximum percentage of dried sludge that can be mixed with clay for brick 
making. The typical compressive strength of the bricks is 87.2 N/mm2 for 0% of sludge, 
decreasing to 37.9 N/mm2 for 40% of dried sludge.

Eliche-Quesada et al. [42] analyzed the influence of diverse types of waste addition on the 
linear shrinkage, bulk density, water absorption, and mechanical and thermal properties in 
brick manufacturing. The results of waste addition indicated that water absorption increased 
over 35%; compressive strength decreased by 19% and the thermal insulation increased by 8%.

Typically, the use of sludge as raw material in clay brick manufacturing has positive effects 
on several properties such as: shrinkage, porosity, and strength. Kadir and Rahim [43] ana-
lyzed the utilization of diverse types of sludge into fired clay bricks. The results indicated 
positive effects on the physical and mechanical properties, concluding that the use of sludge 
should produce better quality bricks.

Therefore, the results of previous studies indicated that bricks produced with sludge 
showed at least similar quality as regular bricks made from pure clay. Most waste-based-
bricks can meet any standard by varying the firing temperature and/or clay-waste mix ratio. 
If any quality problem occurs, the addition of additives can improve a specific characteristic. 
Thus, the use of sludge as raw material for brick manufacturing should not represent prob-
lems for meeting technical and legal standards. However, it is common for most recycling 
processes substituting raw source by waste the promotion of a false brick low quality percep-
tion on public and industry, leading to product rejection. Hence, there is a need for the brick 
industry to invest on education and better communication strategies.

Any workable sludge management alternative should consider the initial investment, the 
distance from generation to processing, and the potential market for the final product. Logistics 
costs, such as transporting dry sludge over long distances could make the entire process uneco-
nomic. This study assumed that the existing fired clay brick factory within a reasonable distance 
was a competitive advantage. There is brick manufacturing facility distant 20 kilometers from 
the lake. Thus, this study indicated the use of sludge as raw material for local brick manufactur-
ing as the most technical, economic, and environmental feasible waste management strategy.

5 FINAL CONSIDERATIONS
The objective of this study was to analyze waste management alternatives for disposing the 
excessive amount of sludge that accumulated over the years in a polluted water resource. 
Finding viable alternatives for sludge generated on biological lake processes under imperfect 
information remains a major challenge for public officials and waste managers.
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The alternative preferred by local officials is disposing the sludge is an open-dump area. 
This illegal option is unrealistic from the environmental standpoint, due to its potential 
impacts and should not be considered as viable alternative. The sludge disposal on landfill 
should be assumed as the least preferred alternative, as the major objective is energy and 
material recovery through recycling or reusing.

The low concentration of contaminants (lead, cadmium, and zinc) made the lake’s sludge 
appropriate for potential use. The sludge should be dewatered before any further action. 
Before any further action, there should be a prior reduction on the waste (sludge) volume.

In the literature, the typical value of solids found in lakes´ sludge is 100g/l. In this particu-
lar lake, the preliminary results indicated a 271 g/l (around three times typical values), which 
indicates that dehydration should decrease the sludge amount to around 25% of its original 
volume.

The results presented in this study have indicated that the sludge characteristics might not 
vary significantly. The low contamination and organic percentage makes the sludge suitable 
for brick manufacturing. The use of lake sludge in the local brick manufacturing appears to 
be most viable alternative. However, there is a severe budget constraint in local municipality 
that can postpone the implementation of any sludge management strategy.

The other disposal alternatives such as geotextile membrane and incineration could reduce 
considerably the volume of sludge, as great part of the sludge is composed by water (75%). 
However, these alternatives were considered very costly to a small municipality. Composting 
is ineffective because of the low organic matter. Agriculture usage entails large logistics costs.

The previous academic studies have indicated that the major restriction for using sludge 
as raw material is bad information and miscommunication, which leads to public rejection. 
Once this barrier is defeated, it should be possible to balance technical, economic, and 
environmental factors to enable marketable brick manufacturing using sludge as raw 
materials.

As it was described, it would only be possible to truly assess the real technical, environ-
mental, and economic factors of using lake sludge as raw material, after further deeper studies 
to determine brick characteristics. It will also be necessary to analyze the content of volatile/
fixed solids and the calorific value of different sludge-clay mixture on bricks. These analyses 
will permit forecasting the behavior of the material during the heating process. However, 
pathogens should not be a concern, due to high process temperature.

No matter the preferred waste management alternative, the huge amount of sludge gener-
ated should be an important variable in the decision-making process, especially considering 
a small municipality. It is possible, that the most adequate sludge management alternative 
could be a combination of more than one alternative. The optimal solution should balance 
environmental, technical, social and economic issues, which means taking a broad-based 
approach rather than focusing on just a single alternative.

Therefore, the best waste management alternative for treating and disposing the sludge 
from the selected lake still requires further studies on logistics costs; on mixing ratio, and 
sludge characteristics (e.g. pathogens and toxic compounds). At this point, the use of lake’s 
sludge in brick manufacturing seemed to be the optimal alternative.
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